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Ab,trczet-The Grade A and Grade B service contours of a tele
vision broadcut station are used for a host of administrative pur
pGIeI by the FCC indudiDg the replation of CATV systems.
AdclitioDaUy, the contours are used by most stations for promotional
and marketiDc puJpOIeL The numerical values usoclated with these
contours represent levels of fl.eld strel1gthj consequently, usump
tions were made in their determination u to noise limitation, the
anteDDS. pin, and transmission-liDe loss of the receiving system.
Also, c:onslclerati.ol1 wu given to the subjective I1&ture of picture
quality aI1cl the ltatistical varlstion of field strel1gth with time and
locatl.ol1. The I1&ture of these varlsblesls discussed and the usumed
values are tabulated in a format suitable for easy understandll1g and
for analysis of possible future changes.

INTRODUCTION

THE Grade A and Grade B iso-service contours
associated with television broadcast stations have
been in existence for over fifteen years and have be

come familiar expressions to almost everyone in the
industry. The contours are referred to in the FCC's
Rules and Regulations, but very little is said of their
true significance or their original development.

In recent years these contours have been used by
the FCC for many purposes not envisaged at the time
of their adoption. Perhaps the most important of these
purposes is the application of the carriage, nonduplica
tion, and importation requirements for CATV systems.

This paper presents the development of the Grade A
and Grade B contours in a hopefully more complete
and understandable fashion than has been done here
tofore. This may prove helpful to those long in the
industry who have forgotten their derivation, as well
as for those who may be encountering Grade A and
Grade B contours for the first time in connection with
CATV activity.

BASIC CONSIDERATIONS

Every prospective licensee for a television broad
cast station is required to file with the FCC, as one of
the many exhibits called for in the application for
Construction Permit, a map on which has been plotted
the predicted Grade A and Grade B contours. The
contours are calculated in accordance with a very
specific procedure which is described in Section 73.684
of the FCC Rules and Regulations. The procedure in
volves the calculation, from topographic maps, of the
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average terrain elevation, from two to ten miles from
the transmitter, in eight specific directions, plus one
more direction if none of the eight directions should
include the principal community. The height of the
electrical center of the antenna above this average ter
rain then determines the effective height. This height
together with the effective radiated power can be used
to determine the distance to any specific value of field
strength, such as the values associated with the Grade
A and Grade B contours, using the field strength charts
of Section 13.699. As an example, if the effective height
so determined were 1000 feet and the effective radiated
power were 100 kW for a Channel 2 station, the distance
to the Grade A contour (68 dBu) would be 37 miles
and the distance to the Grade B contour (47 dBu),
70 miles, as read on the Fig. 9 chart of Section 13.699.
After two such points are determined for each radial,
they are then plotted on a map, usually a sectional
aeronautical chart, and joined together in two con
tinuous lines to form the two contours. Fig. 1 shows
such a map for KNXT, Channel 2, Los Angeles, Calif.

In addition to the specific field strength values for
these two contours, the Rules and Regulations also
specify a "minimum field intensity" which must be
provided over the entire principal community to be
served. The numerical value of this contour is 6-dB
higher than Grade A. Although not specifically re
quested as a contour in the application, quite often
many applicants will include this value as an additional
contour labelled the "city grade contour." In fact, the
FCC itself uses this terminology in many of its pro
ceedings.

The Rules and Regulations indicate that these con
tours are to be used for rough estimates of coverage as
well as for certain administrative purposes. In addition
to these "official" uses, most stations use these maps
for promotional purposes as an indication of their
service or market areas.

The current Rules and Regulations contain very
little information on the meaning of these contours.
However, the basic data that were used to derive them
are contained in the background information which led
to the establishment of the present television broad
cast service, specifically in the "Third Report," FCC
Rept. 51-244, which was adopted March 21,1951. Since
the numerical values associated with these contours
are in terms of field strength, in dB above 1 j.LV1m
(abbreviated dBu) at 30 feet above ground, some as-
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Fig. 1. Predicted Grade A and Grade B contours for KNXT, Channel 2, Los Angeles, Calif.

"II::;: tim, are ol'viously made with respect to the
:'In:~ vi<: '~r's ren'iving installation (antenna gain, line
:.~. :..nc f.·ceiver noise figure), This is so since it is the
"~l:::': vo;' se, at I he receiver terminals, which together
"t:: tli'wise Ilf interference limitation determines
,I,'t.:.{'r ," not a picture of any given quality will be
",,,,h.r{'( ·n the picture tube, Since quality is a sub
,,'m., \J~ameter, an assumption must also be made
,'"' 1,' til, 'riticalllcss of the viewer, whether average
,'. II... t· mple h' I d' ,., ,one \\" 0 IS more or ess Iscermng
,'''11 th, ,LVerag,· viewer. Also, since field strength

may vary with time and with location, even between
points relatively close together, assumptions must
be made with respect to statistical levels of the two
parameters, percentage of time, and percentage of loca
tions.

DEFINITIONS OF GRADE A AND GRADE B SERVICE

Assumptions with respect to all these aforementioned
parameters have been made in establishing the Grade
A and Grade B levels of service, and if described fully,
these levels could be defined as follows:
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(a)

that relates these two parameters, known as the "effec
tive length" of the antenna, which for a reference half
wave dipole antenna is numerically equal to 'A/7r meters.
As indicated in Fig. 2(a), a half-wave dipole receiving
antenna in an ambient field of E volts per meter will
generate an open circuit voltage Vo• at its terminals,
which is numerically equal to E'A/r volts.

Maximum transfer of energy from the antenna ter
minals to a load occurs when the impedance of the load
is equal to the impedance of the source, which for the
half-wave dipole is approximately 73.5 ohms. Referring
to Fig. 2(b), if an impedance of 73.5 ohms is connected
to the antenna terminals, maximum energy transfer
would occur and the voltage across the load would
become V••/2 or EAj2r volts.

For further convenience in discussing the factors
used to arrive at the numerical values for service con
tours, it is helpful to use a factor which relates ambient
field to voltage across a 300-ohm load, which is the
nominal impedance of a television receiver, as a function
of frequency. Substituting 300lF (MHz) meters for A
in the above expression and transforming the im
pedance base by the square root of the ratio of the
300 ohms to 73.5 ohms, the expression for V L becomes

300 1300 96.5
V300 = -- X E =-- X E.

2rF~[HI 73.5 F~lHl

Since it has become the standard practice to express
allocation planning parameters in dB terms, the expres
sion 20 log 96.5/FMH1 has been used as one of these
parameters and called the "dipole" or "lambda" factor,
K d • (It should be recognized that this is not a true
ratio but has the dimension of length. However, al
though not rigorously correct, it is convenient to use
the expression since all of the other parameters are
expressed, and correctly so. in dB terms.)

For allocation planning purposes, the FCC used a
single value of K d based on the geometric mean fre
quency of the three blocks of frequencies involved:

v.~.ll
L -r 21l'

(b)

Relationship between field strength
and terminal voltage.

Fig. 2.

DEVELOPMENT OF FIELD STRENGTH REQUIREMENTS

Before discussing the actual values of the various
parameters which have been mentioned above, it will
be helpful to review the process by which ambient field
strength is converted to voltage across the receiver
terminal. Actually there is a very simple relationship

Grade A represents a specific value of ambient
median field strength existing 30 feet above ground
which is deemed to be sufficiently strong, in the absence
of interference from other stations, but with due con
sideration given to man-rpade noise typical of urban
areas, to provide a picture which the median observer
would classify as of "acceptable" quality, assuming a
receiving installation (antenna, transmission line, and
receiver) considered to be typical of suburban or not
too distant areas. This signal level is sufficiently strong
to provide such a picture at least 90 percent of the time,
at the best 70 percent of receiving locations. The Grade
A contour represents the outer geographic limits within
which the median field strength equals or exceeds the
Grade A value. The specific values for Grade A are
68 dBu (2.5 mV1m) for Channels 2 to 6, 71 dBu (3.5
mV/m) for Channels 7 to 13, and 74 dBu (5.0 mV/m)
for Channels 14 to 83.

Grade B represents a specific value of ambient
median field strength existing 30 feet above ground
which is deemed to be sufficiently strong, in the absence
of man-made noise or interference from other stations,
to provide a picture which the median observer would
classify as of "acceptable" quality, assuming a receiving
installation (antenna, transmission line, and receiver)
considered to be typical of outlying or near-fringe areas.
This signal level is sufficiently strong to provide such
a picture at least 90 percent of the time, at the best
50 percent of receiving locations. The Grade B contour
represents the outer geographic limits within which the
median field strength equals or exceeds the Grade B
value. The specific values for Grade Bare 47 dBu
(0.22 mV/m) for Channels 2 to 6,56 dBu (0.63 mV1m)
for Channels 7 to 13, and 64 dBu (1.6 mV1m) for
Channels 14 to 83.

Although "acceptable" quality is not further defined
in the background material leading to these standards,
the assumed signal-to-noise ratio (S..,) of 30 dB would
indicate a quality similar to that described by the
Television Allocation Study Organization (TASO) as
Grade 3 or "passable," which is described as follows:
"The picture is of acceptable quality. Interference is
not objectionable. "

With respect to "city grade service," no comparable
statistics are included in the aforementioned reference,
but presumably this would entail the same quality of
picture, which would be available to a higher per
centage of locations and/or a higher percentage of the
time, in the face of an even poorer receiving antenna
and/or more severe man-made noise limitation.



VL = E + Kt/, + G - L

As an interesting aside, this is a clear indication of one
of the reasons why UHF stations are permitted so
m' h more radiated power than VHF stations. Based
on the above figures, the field strength from a UHF
st ion would have to be 19 dB greater than the field
str ~ngth from a low-band VHF station to produce the
sal ile terminal voltage across a receiver, assuming equal
re eiving antenna gains and equal transmission line
10. es.

fhe effects of receiving antenna gain and line losses
m. ,y be considered by expanding the basic equation as
fo! lows:

wllere

V L = voltage across the receiver terminals, conven
tionally expressed in dB above 1 ~V/m or dBu

E =ambient field strength, conventionally expressed
in dB above 1 p.V, which unfortunately is also
abbreviated as dBu

K d =dipole factor in dB
G=antenna gain in dB referenced to a half-wave

dipole
L=transmission-line system loss in dB.

:ith respect to L, this is generally referred to as line
I 'ss, but in arriving at an appropriate value, considera
t· n should be given to other sources of loss in the
il terconnection between antenna and receiver, such as
c )uplers, baluns, splitters, and the mismatch because
t le impedance of the receiver is not exactly 300+jO
ems.

Having determined the "signal," it is now 'necessary
t determine the "noise" since as in any communication
s,ystem it is the ratio of these two parameters which
(.etermine whether or not service of a given quality
, .. ill be available.

]n the frequency range under consideration, the
'Jrincipal sources of noise are man-made noise (caused
. >)' ignition systems, power distribution, neon signs,
, iathermy, industrial equipment, household appliances,
~tc.), interference from other stations operating on the
iame and adjacent channels, and, of course, receiver
lOise. In the absence of external noise, the ultimate
imit to receiver sensitivity is the thermal noise gener
lted in the receiver itself. The analysis that follo\\'s
\yill be based on receiver noise limitation. As indicated,
this is the assumed limitation for the Grade B contour
(in the absence of interference from other stations),
which is generally regarded as the more significant con-
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Channels

2 to 6
7 to 13

14 to 83

Geometric Mean
Frequency (MHz)

69 .
194
64S

Xii (dB)

3
-6

-16
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tour since it represents an approximatc estimate of the
extent of a television station's service area.

Receiver noise m.ay be determined in l\yo steps by
considering 1) the mherent thermal noise voltagc NT
generated across the terminals of an ideal rcceiver, and
2) the noise figure of the receiver N R which is a fig-ure
of merit indicating how much greater the actual re
ceiver noise voltage is compared with the noisc voltage
in the ideal receiver.

Assuming that the receiver can be represented by
its input resistance and that a matched load will be
connected across its terminals, the noise voltage ap
pearing at these terminals, so loaded, is represented by
the following expression:

Xl = 20 log ykTRB

where

k = Boltzmann's constant, 1.38 X 10-23 W jOK· Hz
T=circuit temperature in OK
B = bandwidth in hertz
R = input resistance in ohms.

Substituting 2900 for T (room temperature), 4 X lQ& Hz
for B, and 300 ohms for R, this noise voltage becomes
2.19 p.V, or approximately 7 dBu. Thus the total noise
voltage generated in the receiver is the sum of 7
dBu+NR •

In determining values of field strength required to
constitute a given quality of service, we must provide
for sufficient margin above the noise to insure this
quality. For both Grade A and Grade B, the FCC has
assumed such a margin, or signal-to-noise ratio, which
for an amplitude modulation system is synonomous
with carrier-to-noiseratio, of 30 dB. As indicated
earlier, this is roughly comparable to the ratio cor
responding to the aforementioned Grade 3 (passable)
picture as determined in the subsequent T ASO studies.

The results of the TASO studies on this topic, which
are summarized in Fig. 3,1 show very clearly the very
subjective aspects of this determination. Note, for ex
ample, that while the median observer indicated the
picture was "passable" when the SRr was 28 dB, the
lower 10 percent of the observers felt this condition
existed when the S.r was only 22 dB, and the tipper,
most discriminating, 10 percent required a 34 dB SRr
before the\' rated the picture "passable."

Inherent in the definitions of Grade A and Grade B
is the variable nature of received VHF and UHF field
strengths with location and \\'ith time. Both definitions
involve a percentage of locations and a percentage of
time. Consequently, to complete the analysis, these two
factors must be considered.

I This figure is based on TASO data repri~ted in ~. Fine. "A
further analysis or T:,-sq Panel 6 data, on Signal ~o. mterfer~nc;
ratios and their apphcatlon to descnptlon of teleVlSlOlJ serVice,
FCC Rept. TRR 5.1.2•.-\pril 1, 1960, Fig, 1.



90 95 9930 '0 10

ASSUMED FACILITIES
CH 2. 100 kw, 1000' oat

, 10

'.re.,,'." a. ,ee.i,,'", locotioftl
ot which ordinaf' wilt b••• c••d.d

Fig. S. Location distribution.

i I i I iI

~
,
i

""~
I

I
'"

i

\'P::~ !
0

\
I"oo~
~ r-.....

0 f'.. ["....

r"--~
0

~
0

0

30

120

130

.3..

'i.
:!. '0
~

'" 70
•
~ 60

~ '0.
~ 40

141

30

20

10

o0~""'10,......2...0 -:3""0~'0".....,'''''0-6''''0,....,,1...0 -'''''0--'90--'100

Diu.flce fr•• tr ...... itt.t t",ih"

10

20

Fig. 4. Example of time fading.

•...
.1

It is an equally well-known phenomenon that VHF
and UHF fields vary with location at any given distance
from the transmitter. By virtue of the relatively short
wavelengths involved, it is quite common for the field
strength to vary several dB over a relativelY short
distance of a few yards. This variation is a fun~tion of
frequency and terrain, increasing as the frequency in
creases and decreasing as the terrain becomes more
smooth. This phenomenon can be predicted in a general
ized way with reasonable accuracy since it has been
found that received field strength ~ver a short distance
follows a pattern described by a lognormal distribution.
Since field strength is conventionally expressed in dB
terms, field strength values so expressed will follow a
normal distribution which can be represented by the
familiar bell-shaped curve, or if plotted on arithmetic
probability paper, by a straigh t line. Here again this
effect can be represented by a location probability
factor which shall be represented as !J.L in this paper.
This factor represents the difference in dB bet\veen the
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Fig. 3. Required signal-to-noise ratio based on random noise.
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t ~ased, on the "June 1960" curves issued by the FCC in con
nectIOn WI~~ Docket 1334.0, "In the matter of interim policy on
~HF televIsion channel asslgn~entsan~.amendmentof Part 3 (now
~ ~r~ 73) of the Rules concermng- teleVISion engineering standards"
Il1Itlally adopted January -l, 1960. '

a
c
•...
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TIME AND LOCATION PROBABILITIES

It is a well-known phenomenon that VHF and UHF
fields vary with time, diurnally and seasonally, at a
~iven location. This variation will be different depend
109 upon frequency, antenna height, and distance from
the transmitter. Much empirical data has been de
veloped to chart these variations and it has become
the convention to employ a time-fading factor !:AT
which represents the difference in dB between the
median field strength, the field strength exceeded 50
percent of the time, and the field strength exceeded
for some other percentage of the time.

As an example of this variation, Fig. 4 shows the
F (50,50), meaning the field strength exceeded at SO
percent of the locations for SO percent of the time, and
the F (50,90), meaning the field strength exceeded at
50 percent of the locations for 90 percent of the time
propagation curves for a specific assumed facility'
namely, a low-band station operating with 100 kW
ERP at an effective height of 1000 feet above average
terrain. Note that at 70 miles, the distance to the
Grade B (47 dBu) contour, the difference between the
two fields is approximately 6 dB. Consequently, if the
basic curves being used are the F (50,50) curves and it
is desired to describe a service that would exist for
90 percent of the time, the field strength objective
would have to be increased by 6 dB. IncidentallY, the
F (50,90) curves on which this chart was based 2' have
never been incorporated in the Rules and Regulations.
The Rules and Regulations include only the F(50,50)
curves.

O'CONNOR: GRADE A AND GRADE B SERVICE CONTOURS
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Grade A

of service in order to overcome local noise and inter
ference under urban conditions. (The basis for these
noise and interference limitations will not be covered
in this paper.)

a As part of Docket 13 340, the FCC considered the ~c::blishment
of two new service contours based on ~normal service (passable
picture, set noise limited, 50 percent of the locatiqns. 90 percent of
the time) and ~principal city service" (excellent picture, ma~-made
noise limited, 90 percent of the locations, 90 percent of the time),

t Docket 16004 "In the matter of Sections 73.333 and 73.699
field strength curv~s for FM and TV broadcasting stations."

Obviously, many of these factors represented con
sidered judgments at the time of the "Third Report" in
1951. Although some observers might take exception to
individual entries, most will agree that the estimates
are reasonable and have fulfilled many useful functions,
since they do represent a standard which can be uni
formly applied. As an example of such possible excep
tions, most receivers now have noise figures considerably
better than indicated. This is particularly true in the
outlying areas where the use of low-noise, moderate-gain
antenna-mounted preamplifiers can reduce these figures
by as much as 6 dB. Recognizing that a reevaluation
may be in order, the FCC in recent years has considered
alternate standards for service contours3 and is cur
rently considering changes in the basic propagation
curves.4

74dBli

74dBu

71 dBu

71 dBu

68dBu

68 dBu

Channels Channels Channels
2 to 6 7 to 13 14 to 83

7 7 7
12 12 15
30 30 30

3 -6 -16
6 6 13
1 2 5
6 5 4
0 0 0

47 dBu 56 dBu 64dBu

Channels Channels Channels
2 t06 7 to 13 14 to 83

7 7 7
12 12 15
30 30 30

3 -6 -16
0 0 8
1 2 5
3 3 3
4 4 6

54 dBu 6t dBu 74dBu

Parameter Sign

lV, (dBu) +
NIl (dB) +
S", (dB) +
Kd (dB)
G (dB)
L (dB) +
.6.T90percent(dB) +
.6.£ 50 percent (dB) +

Grade B values

Grade B

Parameter Sign

N, (dBu) +
NIl (dB) +
S., (dB) +
K d (dB)
G (dBl
L (dB) +
.6.T 90 percent (dB) +
t:.L 70 percent (dB) +

1) Totals
2) Median field strengths

required to overcome
local noise and inter
ference under urban
conditions

3) Required field strengths
to overcome 1) or 2)
(whichever is greater)
Grade A values

DETER~IINATIOX OF GRADE A AND GRADE B VALUES

Listed below are the actual values assumed by the
F::::C in their derivation of the numerical values for
C rade A and Grade B. It will be noted that in the case
0, Grade A for YHF channels, a greater signal than
c<!lculated is required to constitute the assumed level

PROPAGATION CURVES

Having determined the field strength required for
Grade A and Grade B service, the ultimate objective is
tc determine the maximum distance from the trans
mitter at which this value of ambient field will exist.
Knowing the heights of the transmitting and receiving
antennas, and the effective radiated power, this distance
c(,uld he calculated using theoretical formulas, such as
tl: e plane earth equation or the smooth spherical earth
equation. However, the standard FCC procedure in
v:llves the use of empirical propagation curves which
are included in the Rules and Regulations as Figs. 9
a:.d 10 of Section 73.699. These curves have been
d:veloped on the basis of extensive measurements, cor
ncted to reflect afJerage terrain conditions, meaning
g,:ntly rolling countryside. The Rules and Regulations
indicate that true coverage may vary greatly from
e::tirnates thus obtained if the terrain differs from this
aITerage terrain. These curves represent median loca
ti,)n and time values and are labeled F (50,50). If it is
dl~sired to specify service for different percentages of
1(lcation and time, F (50,50) curve values are adjusted
ill accordance with the AT and AL factors previously
d ~scribed, It should be noted further that these curves
a:sume a receiving antenna height of 30 feet which is
cunsidered typical of the average home installation and
h :IS become the industry standard. (There are methods
0: adjusting the values obtained from these curves to
rdlect other receiving antenna heights, but none of
tlese techniques are completely satisfactory.)

m:dian field, the field exceeded at 50 percent of the
lo,'a tions, and the field exceeded for SOme other per
COllage of the locations.

This location distribution is -shown in Fig. 5. Note,
fc r example, that the difference between the median
;II d the 70 percent point is approximately 4 dB for
VdF and 6 dB for UHF. Consequently, for use in con
j l nction with the F (50,50) curves, a field strength ob
je :tive would have to be increased by these values to
d'~scribe service which would be available at 70 percent
oj the locations.

Remembering that the numerical values associated
w th the Grade A and Grade B contours represent field
sll'ength. and that field strength differs from receiver
vultage E by the dipole factor Ki.' we can rearrange
tile basic equation in the form that was used to develop
the Grade A and Grade B values:

E = N r + NJ( + S., - Xi. - G + L + AT + !:J.L.
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CONCLUSION

In addition to providing an understanding of the
factors involved in the Grade A and Grade B contours,
the tabular summary developed in this paper can form
a frame of reference for the analysis of possible sub
sequent proposed changes in the various parameters.
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Automatic Control of loudness level

EMIL L. TORICK, RICHARD G. ALLEN, AND BENJAMIN B. BAUER, FELLOW, IEEE

Ab,tract-A loudness limiter which reduces disparity iD.loudness
leveta, when a propam is ccmtroUed 011 a vu basis, has been de
veloped by CBS Laboratories. The dence evaluates the loudness
leYeI of the program by a "loudness level summation" method de
Kribed previouaty by the authors, aDd automatica11y reduces the pro
gram leYeI when a preset threshold is exceeded.

INTRODUCTION

FOLLOWING the successful development of a
Loudness Indicator! for monitoring audio loudness
levels, a new automatic device has now been

developed for controlling these levels. The Automatic
Loudness Controller adjusts system gain in a manner
similar to that of compressors or peak limiters. How
ever, whereas in these latter devices the criterion for
control is volume or modulation level, the Automatic
Loudness Controller acts only to limit excessive loud
ness.

The need for such a device has been clearly estab
lished. Listener complaints of unpleasantly loud com
mercials have been increasing at a steady rate, especially
in television broadcasting, for at least ten years. Three
years ago, the problem even attracted Congressional
attention. Finally, in 1965 the FCC revised its standards
to require that modulation levels be "usually not less
than 8S percent on peaks of frequent recurrence, but
where necessary to avoid objectionable loudness, modu
lation may be reduced to whatever level is necessary."2

The intention of the rules change was quite clear, but
actual performance to this standard was very difficult.

Manuscript received September 9, 1968. This paper was presented
at the 18th Annual International Broadcast Symposium, Washin!/:
ton, D. C.• September 1968. It was also presented at the Audio
Engineering Society Convention, October 1967.

The authors are with CBS Laboratories. Stamford. Conn.
t B. B. Bauer, E. L. Torick, A. J. Rosenheck, and R. G. Allen,

"A loudness-level monitor for broadcasting," IEEE Trans. Audio
and Elec/roacoustics, vol. AU-IS, pp. 177-182, December 1967.

'FCC Rules and Regulations, vol. 3, paragraphs 73.55, 73.268,
73.687 (b) (7), as amended effective January I. 1965.

As pointed out in the previous paper,! the vu mCI' r

does not adequately measure the loudness level. Willi,
out automatic controllers or measuring deVices, 1I..
broadcaster could only listen to the program and h"l-
that his judgment was good. Unfortunately, even if L.,

were able to make good level adjustments manually ...
the broadcast studio, the peak limiter at the remote IJ1,

attended transmitter site would probably undo all ;,.>,
conscientious efforts.

In response to this urgent problem, CBS Laborat<Jfi• .,
began a three-year program of research and devel,,·,
ment which has now resulted in prototype designs I:"
a Loudness Indicator and an Automatic Loudness ('"
troller. It is the purpose of this paper to share with !','

reader some of the most important design considerati." :
in the development of the loudness controller.

OPERATIONAL REQUIREMENTS

A basic decision had to be made regarding ".'
philosophy of use of a loudness controller. There ;",
two possibilities. I t could be similar in concept t'J
level control or compressor, i.e., it would reduce , ..
overall loudness range rather slowly by raising the lev'
of soft passages and reducing the level of loud ones. :.
this mode of operation, it would probably be used
the output of a mixer or console. Alternatively, 1",

device could be a loudness limiter, responding rapi,!.
to reduce loudness level, but never increasing sig:.
gain beyond previously established levels. It is eas\"·.
understand why the latter choice is preferred. :J,
loudness controller must be the last variable gain devi·:
in a program channel because any following unit \..'
defeat its purpose. Furthermore, since this means tL.
the loudness controller follows the peak limiter, no u:
ward automatic gain increase can be tolerated, becau",
this would cause overmodulation.
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INrnODUCTION

As a result of issues raised :1n the proceedings in Docket 20418 (VHF-'IV
"Drop-ins"), a review of the planning factors pert:1nent to the deternrtnation
of coverage areas, :1nterference criteria arld minimum separation requirerrents
of adjacent and co-channel VHF-'IV stations was deered desirable. The val~es.
of these planning factors were originally establtS?~d :1n the Third NoticelY)
and Sixth Report and Order in Docket 8736, et al (~ ), adopted April 11, 1952.
Since then there have been several proposals to revise some of the values
(1!HY). '!he current review indicates that rrany of the original values are
still valid, some need updat:1ng and others are questionable but current values
are uncerta:1n at this t1rre.

'!he purpose of this report is twofold:

(1) To make available in one doc1..ll1ent the values, def:1n1tions,
explanations and sources of the orig1na.l planning factors.
An extensive bibliogaphy is :1ncluded for those who might
wish more detailed explanations of specific factors.

(2) To identify those factors whose values should be updated
because of technological advancements (e.g., receiver noise
figures), re-evaluation of physical phenaoona (e.g., n~w

propagation curves), changes in envirorlI'OOntal factors
(e .g., higher man-made noise levels) or changes in the
Commission's policies.

While new values are proposed for several of the planning factors no evalua
tion is presented concerning the effect these changes rray have on the predict
ed coverage range and minimum separation requirements of "N stations. Before
changes in these distances are entertained, all of the proposed new values
should be discussed more widely and more information should be collected on
some. And, finally, it is recolYlized that public policy considerations
beyond the scope of this report must play an important role in this deter
mination.

-2-

".,



..

;l, • .e

Present Grades of Service

'Ihe Conmission in its Sixth Report and Order adopted two grades of service.
Grade A service is such that the median field strength provides a picture
which is "acceptable" to the median observer for at least 90% of the time
at the best 70% of the receiving locations. The Grade A contour is the
geogroaphic boundary within which the redian field strength is equal to or
greater than the Grade A value. Grade B service is such that the median
field strength provides a picture which is "acceptable" to the median
observer for at least 90% of the t1.ne at the best 50% of the receiving
locations. The Grade B contour is the geographic boundary within which
the redian field strength is equal to or groeater than the Grade B value.
Table 1 gives the required values of rredian field strength in db above
one rnicrovolt per meter.

Table 1
Median Field Strengths

Grade of Channels Channels
Service 2-6 7-13

A 68 db 71 db
B 47 db 56 db

In the presence of a co-channel interfering signal, the service contours
are expressed as interference ratios in db of redian desired field strengths
to 10% undesired field strengths. Table 2 gives the required interference
ratios.

Table 2
Co-Channel Interference Ratios

Grade of Chamela 2-13
Service Non Offset Offset

Freq. Freq.

A 51 db 34 db
B 45 db 28 db

-3-
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Grade A service ass1..lITes a "typical" receiving installation located within a
"typical" urban area with some rran-rrade noise present.

Grade B service ass1..lITeS a "typical" receiving installation located within a
"typical" noise-free rural area.

'Ihe Grade A and B values were determined by specifying the field strength nec
essary to overcorre noise ta..\-:ing into consideration losses in receiving components,
location variability and tirr:e fading. The procedure is shown in Tables 3A
and 3B.

Table 3A
Grade A Factors

Channels Channels
. Factors Units 2-6 7-13

I. Thermal Noise (@300 ohms) db/luv 7 7
2. Receiver Noise Figure db 12 12
3. Peak vis. Car. /RMS Noise db 30 30
4. Trans. Line loss db 1 2
5. Rec. Antenna Gain db 0 0
6. Dipole Factor db -3* 6
7. Local Field F(70,90) db/luv/rn 47 57
8. Terrain Factor (70%) db 4 4
9. T1rre Fading Factor (90%) db 3 3

10. Median Field F(50,50) db/luv/rn 51t bIt
II. To Overcome Urban :~oise db 14 7
12. Required Median Field db/luv/rn '6lf" 71

*Note: Since this is a table of losses, a gain appears a
negative quantity.

Table 3B
Grade B Factors

Ghannels Channels
Factors Units 2-6 7-13

I. Thernal Noise (@300 ohim) db/luv 7 7
2. Receiver Noise Figure db 1.2 12
3. Peak vis. Car. /RMS noise db 30 30
4. Trans Line loss db 1 2
5. Bec. Antenna Gain -6

- -6db
6. Dipole Factor db -3 -6
7. Local Field F(50,90) db/luv/rn 1il" 51
8. Terrain Factor (50%) db 0 0
9. Tine Fading Factor (90%) db 6 5

10. Median Field F(50,50) db/luv/m 47 50
lI. To Overcome Rural db 0 0-
12. Required r'1edian Field db/luv/m 1f7 50

-4-



'!he transmission line was assumed to be SO feet of 300 ohm twinlead. The
antenna gains are with reference to a half-wave dipole. The dipole factor
is defined as a quantity in db which when subtracted from the voltage in
db above one microvolt across the 300 om ~ce of a television receiver
gives the equivalent field strength, in db above one microvolt per meter
of the field in Which a half-wave dipole receiv1ng antenna is located.

The expression for the dipole factor is;

20 loglO [96F68~

Where, F is the frequency in MHz.

The values given in tables 3A and 3B for the dipole factor aSS\JIre for
F the geometric mean frequency for each channel r~.

A derivation of the expression is found in Appendix A.

Prediction of service Field strengths

The m1n1mum field strength available at any percentage of receiving
locations for any percentage of t1.me my be described by the following
equation;

F'(L,T) = pI + F(SO,SO) + R (L) + R (T)

where, F' (L,T) = the m:1n1nllJn field strength at L% of locations for
T% of time in db/luv/ro.

pI = the effective radiated power in db/lKw fran a halfwave dipole.
F(SO,SO) = the m1n1mJm field at 50% of the locations for 50% of the

t1me in db/luvlm for a radiated power of lKw
R(L) = the terrain distribution factor for L% of locations.
R(T) = the t1me distribution factor for T% of t1ne.

Values for F(50,50) and F(50,10) as a function of distance and transmitting
antenna height above average teITain are found in Part 73.699 of the
Conm1.ssion's Rules. .

Log norrral distributions for the factors R(T) and R(L) are shown in
Figure 1. The time distribution factor, R(T), is found. fran

R(T) = R(T =10) K(T)

Where, K{T) = shown in figure 1 as a function of timP..
R{T =10) =the time factor for fields exceeded for 10% Of time.

and is found by subtracting the value exceeded for 50%
of the t:ime from the value exceeded for 10% of the t1JTe.

R{T=10) = F{50,10) - F(SO,SO)

-5-
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With the adoption of the new propagation curves, new values of R(T=lO)
should be used to calculate the t1.rre fading factors in tables 3A and 3B.
New values of R(T=10) VB. distance from the transmitter are shown for
channels 2-13 in figure 10 of FCC report R-6602. (6/) This figure is
reproduced in Appendix B. -

Technical Planning Factors

All of '\;he planning factors, includ:1ng suggested new values, are shown
in Tables 4A and 4B, and discussed below.

1. Antenna. HeiePt above Average Terrain

In. the Sixth Report, a value of 500 rt. was assumed in the calculations
for all channels in all zones. The use of greater antenna. heights was
enco~, but the effective radiated power had to be l1m1ted to that
value which would avoid interference within the Grade A service radius
of any other assignrrent assuming an antenna hei@1lt of 500 rt. for the
assigrnrent. !he values shown in the tables are the ma.x1.Im.Im allowed in
Part 73 of the Rules.

2. Geometric Mean Frequency

The geometric mean frequency is calculated as shown below.

'.

Charmel Range

2-6
7-13

3. Power

Frequency Range

54-88 MHz
174-216 MHz

Geo. Mean Freq.

In 'lbe Sixth Reoart & Order, the Carmission adopted values of
100~Ilowatts (20dbk) for-C:hannels 2-6 and 316 kilowatts (25dbk)
for channels 7-13. '

5. Thernal Noise Voltage

The thennal noise power at the input of a N receiver for a matched
load is given by;

P=kTB

'Where, k :: BoltZIlBIU1's constant (1.38 X 10-23 jOule/oK)
T :: tenperature in OK (290)
B :: bandwidth in hertz (4 X 106 Hz)

assuming the above values, p:: 1.6 X 10-14 watts
and for an 1mpedance of 300 ohms, the noise voltage is 7 db above one
microvolt.

-7-



.. I •

Technical TV Planning Factors For the Deternrlnation of Grade A Service

,
+-

I

T

_.
'''' ?-h f'I\. ."1<;l. 7_1 ~

Grade A Factor Units Zone I Zone Zone. I Zone
ITT R. TTT II & ITT

L Hgt. above avg teITain feet 1000 2000 1000 2000
2. Georetric ~an Freq. MHz 69 69 194 194
3. Power dbK 20 20 25 25
4. service Grade A A A A

5. 'lbennal Noise db/uV 7 7 7 7
6. Receiver Noise db 6 6 7 7
7. Vis. peak/RMS Noise db 30 30 30 30
8. Line108s db 2 2 3 3
9. Rec. Antenna Gain db 0 0 0 0

10. Dipole Factor db -3 -3 6 6
li. IDcation Frob. (L) % 70 70 70 70
12. IDeal Field F(L,9D) dbuV/m 42. 42 53 53
13. IDcation Frob. Factor db 4 4 4 4
14. F(50,90) field dbuV/m 46 46 57 57
15. Time Prob. % 50 50 50 50
16. Time Probe Factor db 7 8 6 7
17. F(50,50) field dbuV/m 53 54. 63 64
18. 'lb overcane Urban Noise db 14 14 7 7
19. '1b overcore Rural Noise db 0 0 0 0
20. AtIOOspheric Noise db 9 9 0 0
2l. Required ~. Field. dbuV!m 67 68 70 71
22. Rec.Ant.FIB ratio db 0 0 0 0

23. DIU Ratio no offset· db 51 51 51 51
24. DIU Ratio offset db 34 34 34 34
25. DIU Ratio Precise off db 30 30 30 30
26., Adj. Chan- DIU Ratio (IDw) db -6 -6 -6 -6
27. Adj. Chan- DIU Ratio (UP) db -12 -12 -12 -12 .

TABLE 4A
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Technical 'N Planning Factors For the Dete:rmination of Grade B Service

Grade B Factor
I Channels 2-6 Channels 7-13

Units Zone I IfTTII
ZOne I Zone

I
- TT f. TTT

l. Hgt. above avg terrain feet 1000 20gg 100~
2000

2. Geometric Mean Freq. MHz 69 19 194

j. Power dbK 20 20 25 25

4. service Grade B B B B

5. 'lbermal Noise db/uV 7 7 7 7

6. Receiver Noise db 6 6 7 7

7. Vis. peak/RMS Noise db 30 30 30 30

8. Line loss db 2 2 3 3

9· Rec. Antenna Gain db -6 -6 -6 -6

10. Dipole Fact.or db -3 -3 6 6

11- Location Prob. (L) % 50 50 50 50

12. IDcal Field F(L,90) dbuV/m 36, 36 47 47

13.. Location Prob. Factor db 0 0 0 0

14. F(50,90) field dbuV/m 36 36 47 47

: 15. Time Prob. % 50 50 50 50

16. Tine Prob.Factor db a 9 7 9

17. F(50,50) field dbuV/m 44, 45 54 56

18. 'Ib overcOOE Urb8n Noise db 0 0 0 0

19. 'Ib overcome Rural Noise db 0 0 0 0

20. AtJJX>spheric Noise db 9 9 0 0

21- Required Med. Field dbuV/m 44 45 54 56

I 22. Rec.Ant.FIB ratio db 6 6 12 12

23· DIU Ratio no offset db 45 45 45 45

24. DIU Ratio offset db 28 28 28 28

25. DIU Ratio Precise off db 24 24 24 24

26. Adj. Chan. DIU Ratio (Low) db -6 -6 -6 -6

2~. Adj. Chan. DIU Ratio (UP) db -12 -12 -12 -12

TABLE 4B
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The values used in Tables 4A & liB are an average of the best ani worst
case conditions of above.

High VHF

1 db
5 db

1 db
3 db

New dry line
Old wet line

The Hazeltine values are shown in Appendix C.

7. Peak Visual Carrier/RMS Noise

9• Receiving Antenna Gain

'!he above values are taken from the Third Notice. TASO, Table I
shows average @ilin values of 3.7 and 6. 8 db above a 1/2 wave dipole
for low VHF and high VHF respectively. A gain appears as a negative
number in the tables lIA & 4B.

From TASO Table I, page 117, the losses for 50 ft of twinlead line
are as follows;

Historically a figure of 30 db has been assUIl'ed. This is co~ble
to a TASO C.W) Grade 3 "passable" picture.

8. Transmission Line Loss

6. Recelver Noise Figures

The noise figures shown :1,n the tables are averages of values found in
Table 1 of a Hazeltine Research Report. (1/)

rrhe sum itens 5, 6, 7, 8, 9, am 10. For Grade A this is the F(70,90)
field an:i for Grade B, the F(50,90) field.

13. Location Probability Factor

These correction values are read from curve R(L) g1ven in figure 1 above.

14. F(50,90) Field Strength

The sum of items 12 and 13.

16. Tine Probability Factor

'!hese values are derived from the propagation curves and the fading
ratios of AppendiX B as shown in Appendix D.

10. Dipole Factor

See Apperrlix A.

12. Local Field



17. F(SO,50) Field Strength

The sum of items 14 and 16.

18. Urban Noise Factor

'Ihe Urban Noise Factor is the increase in signal necessary to over
Cem:! the degradation caused by urban noise.

'!he Sixth Report & Order assumed values of 14 and 7 db at the Grade A
contour for low VHF and high VHF respectively to overcotre urban noise.

A eem document (9/), reports values of 20-30 db above thernal noise
at 288 oK for low-VHF and 10-15 db for high VHF in areas defined as
business ani residential sections of large cities as well as suburban
areas of large population centers. '!his documant, however, suggests that
these figures be treated with caution until rore evidence is available.

19. Rural Noise Factor

The Rural Noise Factor is the increase in signal necessary to over
cone the degradation caused by rural noise.

The Sixth Report & Order assumed values of a db at the Grade B contour for
. all frequency ranges. Large population shifts, frem cities. to surburban

areas, in rrany parts of the country, cause the Grade B contours in these
moeas to no longer lie in "rural" areas. The assurrption of 0 db to
overcane rural noise .in these: "rural areas" is propably no longer valid
because of the increased number of high voltage power lines and rotor
vehicle traffic voluma.

Prelim1.nary studies, by the Systems Engineering BJ:'anch of OCE,
indicate values for nan-made noise of 14 db on channel 3 in suburban
areas. A eem document (9/) reports values of 15-20 db for low VHF
:ill "rural" areas and 5-10-db for high VHF.

20. Atmospheric Noise

'!he value of 9 db for channels 2-6 is taken from a eem report .(10/)

21. Required Median Field

Normally, the required field is the sum of items 17 and a value to over
cone noise based upon items 18, 19) and 20. Because of the uncertainty
of the new values shown, the old assumed values of 14 and 7 db for Grade
A and 0 db for Grade B service are being used.

22. Receiving Antenna. Front to Back Ratio

For planning purposes, the values shown in table 4B are taken from
e.C.I.R. Recormeroation 419. (11/) Average values of 11.6 and 10.6
db are reported for low VHF and-high VHF in the TAro Reports) Table
I, page 117.

-11-
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In the Sixth Report an:i Or(.ler the !'eceiving antenna was assumed to be non
directional. This was intended to provide a margin of safety to permit
optimum adjustment of the antenna for reception of several desired sta
tions in different directions and to minimize reception of rnultipath
signals and local oscillator radiation.

;.3-25 Desired-to-Undesired Ratios

For non-offset carriers, the Sixth Report & Order specified a desired
to-undesired ratio of 45 db. For offset can-iers, 10,000 Hz + 1,000 HZ,
a 28 db ratio was specified. -

*The FCC Laboratory recently conducted tests on TV channel carrier
frequencies offset by 10,010 Hz (precise offset) and by zero Hz
(synchronous visual carriers). When the data were analyzed in a nenner
somewhat analogous to one of the rrethods used by TASO, rumely des1red-to
undesired ratios vs. percentage of observations at each ratio, a ratio
of 22 db for precise offset results in a picture "not worse" than the
picture obtained from a ratio of 28 db for nominal offset carriers.
'n11s 22 db' ratio is s1m1lar to results obtained in earlier tests conduct
ed by the Lab and RCA, and with recent tests conducted by the Japan
Broadcasting Corporation (NHK). (See page 11 of Appendix E). The data
for the 0 Hz offset condition results in a ratio of 28 db. This indicates
that there is no advantage :In the picture quality of synchronous visual
carriers over nominal 10,000 Hz offset carriers. '!he Laboratory report
contains an alternate analysis which results in a ratio of 24 db for the
precise offset condition.

'lhe report points out that the tests were conducted with one co-channel
undesired signal and that the 22 db ratio may not be valid when two co
channel undesired signals are present. Earlier tests by the Lab and
RCA indicate that an additional 4 db of protection is needed when an
additional co-charmel signal is present. (See Appendix E. Page 12).
Since precise offset is being considered in connection with the VHF
drop-ins, where two co-channel undesired signals could be present, it
is felt that the alternate analysis result of 24 db would offer better
protection than the 22 db result. 'Therefore, the 24 db ratio is used
in Table 4B for the Grade B contour. For the Grade A contour, a 70%
location factor of 6 db is added which results in the 30 db ratio used
for Table 4A.

26-27 Adjacent Channel Desired to Undesired Ratios

'The original. value for Grades A&Bservice was -6 db. Adding a 90% time
fad~ factor of 6 db resulted in a time median ratio of 0 db.

'The new values shown in Tables 4A & 4B are taken from ccm reconmendations,
based upon TASO data.

*The laboratory report of these tests 1s attached as Appendix. E to
this report.
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Conclusions

'!his review of the plann1ng factors pertinent to the determ:1na.tion of
service areas and separation distances in the VHF-TV" service indicates
that many of the original values are still valid. Updated values for
some of the factors can be readily established. '!hese include new
receiver noise figures, co-channel desired-to-undesired signal ratios
using precise frequency offset, and new adjacent channel deslred-to
undesired ratios. '!he adoption of the new field strength curves also
has a direct effect on the calculation of service and interference
ranges.

Sane of the changes suggested in this report are subject to further
testing and/or policy decisions. '!hese include the possible use of
a nan-lTRde noise level in determining the Grade B contour and a re
ceiving antenna f'ront-to-back ratio in calculating co-chamel inter
ference.
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'!he power available at the antenna. terminals, Pa, is equal to the power
density, P, t:1.Ires the effective area of the receiving antenna, A.

Pa(watts) = P (watts) A(m2) (2)
. m2

(6)

(4)

(1)

R = 300 ohms
G = 1.64
A = 3001F,

Pr=v2
R

P = E2
120 rr

E = field strength in Vim

G = the gain of the antenna relative to isotropic
>-. = the wave length in meters

further asst.1J1'ej

Combining; equations (2), (3), (4), and (5), and assuming that Pa = Pr
by use of a matching transformer ~ives;

V2 = E2 G}t.2
R 120 1T ""'"li'TT

where,

The power delivered to any load is;

-11-

A P PEN 0 I X A

where, F = frequency in MHz.

The nower density is equal to;

where,

'!he rna.x1rm.lrn effective area of any antenna is g1ven by j

A =g~

where, F = freauency in MHz.

Dinole Factor

The exnression for the dipole factor is;

20 log 10 [96p6RJ
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